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Description

[0001] The invention relates to the obtaining of a dig-
itized overall radiographic picture of an object from a suc-
cession of partially overlapping initial radiographic pic-
tures taken from different points of view.

[0002] Theinventionappliesadvantageously, butwith-
out implying any limitation, to the pictures acquired in the
course of an arteriography of the lower limbs, or in the
course of a radiography of the spine from successive
images acquired along the vertebral column.

[0003] Hardening, stenosis and blocking of the arteries
of the lower limbs are detected during a vascular exam-
ination of all of the two limbs.

[0004] One conventional solution consists in employ-
ing an arteriophlebography drum which, on each of its
faces, has a cassette of radiological film having a length
of approximately 1.20 m. Exposing the patient to X-radi-
ation therefore makes it possible to obtain an overall pic-
ture of the lower limbs directly. However, such a solution
requires the use of bulky equipment.

[0005] Furthermore, a more recent solution consists in
using successive films of smaller size (35x35) combined
with a programmed advance table. The radiologist can
then monitor the progress of the contrast product flowing
through the blood vessels of the lower limbs, for example.
The various images are then cut manually to avoid over-
laps and are repasted manually to reconstruct an image
with a total length of 1.20 m, allowing the leg to be viewed
in its entirety.

[0006] Such a solution therefore requires the handling
of films when the radiologist wishes to reconstruct a pan-
oramic view of the legs.

[0007] The document FR2565053 discloses am meth-
od for reconstructing a composite, overall X-ray image
of larger size than the basic images obtained by radiog-
raphy of the blood circulation system via an image inten-
sifier and a video camera. For reconstructing the com-
posite image, selected portions of the basic images are
transferred into a collecting memory.

[0008] The invention aims to provide a more satisfac-
tory solution to the problem of obtaining an overall radi-
ographic picture of an object from a succession of par-
tially overlapping initial radiographic pictures taken from
different points of view.

[0009] The invention is set out in independent claim 1.
[0010] Anembodimentoftheinvention provides anau-
tomatic way, in a computer, of cutting and pasting digital
pictures having partial overlap.

[0011] In this regard, the invention uses the partial
overlap zones between the successive pictures to "dig-
itally paste" the pictures in order to obtain the digitized
overall picture of the object, in particular the leg.

[0012] An embodiment of the invention therefore pro-
poses a method for obtaining a digitized overall radio-
graphic picture of an object from a succession of partially
overlapping initial or "primary" radiographic pictures tak-
en from different points of view.
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[0013] In an embodiment of this method, a digitized
secondary image which promotes predetermined ele-
ments of interest of the object is created from each pri-
mary image or picture. Such a secondary image is, for
example in an arteriography application, an image on
which the predetermined elements of interest of the ob-
ject appear, in this case the blood vessels. Such a sec-
ondary image may, for example, be obtained by taking
the difference between an opacified image (primary im-
age), after injection of a contrast product into the leg, and
a so-called "mask" image, that is to say an image ob-
tained without contrast product.

[0014] Digital processing for two-dimensional mutual
resetting of the secondary images is then carried out per
pair of consecutive images so as to obtain mutually reset
digitized secondary images. This reset processing is car-
ried out by promoting the predetermined elements of in-
terest of the object and takes into account the motion of
the picture acquisition system relative to the patient, for
example the displacement step of the table, which may
be known or unknown, and the depth of the various ele-
ments of interest (for example the blood vessels) inside
the object (for example the leg).

[0015] For each current reset secondary image a re-
gion common to the said current image and to the follow-
ing reset secondary image is then defined, this common
region being bounded by the two respective median hor-
izontal lines of the two reset secondary images. The dig-
itized overall radiographic picture is then created from
the upper region of the first reset secondary image of the
succession of images taken, this upper region lying
above the common region of this first image. The radio-
graphic picture is also created from the lower region of
the last reset secondary image of the succession, this
lower region lying below the common region of this last
image. Lastly, the overall radiographic picture is created
from the common regions of each pair of reset secondary
images.

[0016] According to one embodiment of the method,
for each reset secondary image a common region is de-
fined which includes an upper common zone and a lower
common zone which respectively extend on either side
of the median cut line of the said common region. The
overall radiographic picture is then created by using, for
each common region, the upper common zone of the
common region of the current secondary image and the
lower common zone of the common region of the follow-
ing secondary image.

[0017] In other words, the cut line is defined as the
trace lying in the middle of the region common to a pair
of successive secondary images, a common region
whose upper (or lower, respectively) transverse bound-
ary corresponds to the median horizontal line (central
line) of the first (or second, respectively) picture of the
pair in question. The digital pasting is carried out by align-
ing and superimposing the cut line while keeping the sec-
tion (upper common zone) lying above the cut line of the
first picture of the pair in question and the section (lower
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common zone) lying below the cut line of the second
picture of the pair in question.

[0018] However, when two cuts are assembled in this
way, a picture is obtained whose transition is visible on
the overall radiographic picture, because of the differenc-
es in intensity which are connected with the disparities
of points of view, path and absorption of the X-rays giving
rise to these pictures.

[0019] The invention thus very advantageously pro-
poses digital pasting by "lap dissolve" allowing this prob-
lem to be solved. In other words, the final picture results
from a progressive transition from one picture to the next,
by fading the first and introducing the following one. The
various cut lines are therefore invisible in the overall ra-
diographic picture, the background then being continu-
ous.

[0020] In other words, according to this advantageous
variant of the invention, the overall radiographic picture
is created by using, for each common region, a weighted
sum of the logarithms of the grey levels of the respective
upper and lower common zones of two consecutive reset
secondary images.

[0021] In certain applications, in particular in arteriog-
raphy, the acquisition of the primary images may include
acquisition of primary images taken from different points
of view, referred to as "moving images", and acquisition
of at least one group of several consecutive primary im-
ages taken from the same point of view, referred to as
"fixed images". The fixed secondary images correspond-
ing to the fixed primary images are then created, and
from these fixed secondary images, a resultant second-
ary image is created which is used, for the digital reset
processing, with the last moving secondary image pre-
ceding the first fixed image of the said group, and with
the first moving secondary image following the last fixed
image of the said group.

[0022] The creation of the secondary image resulting
from the fixed images advantageously comprises a
search for maximum intensity between the correspond-
ing pixels of the fixed secondary images.

[0023] In other words, the pictures acquired with fixed
points of view, for example in order to fully opacify the
underlying arterial network, are merged beforehand into
a single picture which will be combined with the moving
adjacent pictures of the series of pictures acquired.
[0024] The creation of each secondary image which
promotes the predetermined elements of interest may
comprise acquisition, for each take, of the primary image
on which the elements of interest appear (opacified im-
age) and a mask image on which the elements of interest
do not appear (unopacified image), then subtraction of
the primary image and the mask image.

[0025] Preliminary reset processing is then advanta-
geously carried out between each primary image ac-
quired and the corresponding mask image acquired, so
as to prevent the appearance of artifacts due to move-
ments by the patient.

[0026] When the mask image is not acquired per se,
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in particular when the displacement step of the table on
which the patient is lying is not known in advance, low-
pass filtering of the primary image is carried out so as to
obtain a mask image.

[0027] When the predetermined displacement step of
the table is known, the reset processing between the con-
secutive secondary images includes a search for coinci-
dence between a predetermined central zone of the cur-
rent image and the same central zone of the following
image taking the displacement step into account.
[0028] However, in the case when the successive tak-
ing of the movingimages is spaced by an a priori unknown
displacement step, the displacement step is determined
from the content of the secondary images by making a
search for coincidence between two secondary images
and preferably on reduced regions of these images, so
as to speed up the calculations.

[0029] Other advantages and characteristics of the in-
vention will become apparent on examining the descrip-
tion of an entirely non-limiting embodiment, and the ap-
pended drawings, in which:

Figure 1 schematically illustrates a device for imple-
menting the invention;

Figure 2 schematically illustrates a series of images
for obtaining an overall picture by a method accord-
ing to the invention; and

Figure 3 schematically illustrates the obtaining of
three fixed images acquired during an arteriography.

[0030] In Figure 1, the reference TB denotes a table
which can be moved horizontally with the predetermined
displacement step PS. A patient’s leg JM is resting on
this table with a view to an arteriographic examination.
[0031] To this end, a source S which emits X-radiation
and is referenced RY illuminates the leg JM and is re-
ceived on the opposite side of the table TB by reception
means which are known per se and, in particular, include
animage intensifier Il whose maximum field corresponds
to 35x35 cm images.

[0032] Processing means MT essentially consisting of
a computer and of a screen for viewing the images, are
connected to this image intensifier Il.

[0033] In a first step of the method, a succession of
images, termed maskimages, which are respectively tak-
en from different points of view and each correspond to
a different position of the table, is acquired. It will there-
fore be assumed here that all the images acquired are
images termed "moving" as opposed to images termed
"fixed", whose significance will be discussed in detail be-
low.

[0034] These mask images correspond to radiograph-
ic images taken without injecting contrast product into
the blood vessels of the leg.

[0035] Afterthis acquisition of the mask images, a con-
trast product is injected into the blood vessels of the pa-



5 EP 0932 119 B1 6

tient’s leg, then opacified images, termed primary imag-
es, are acquired from points of view respectively identical
to those of the corresponding mask images.

[0036] The blood vessels appear on these primary im-
ages. This being the case, in order to promote the blood
vessels in relation to the background of the radiographic
picture, and thus to be able, as will be seen in more detail
below, to reset the successive images in relation to these
blood vessels, each mask image is subtracted from the
corresponding primary image, so as to obtain an image
termed secondary which promotes the predetermined el-
ements of interest of the object, namely the blood vessels
of the leg.

[0037] This being the case, this subtraction operation
is preceded by automatic processing for resetting the
mask on the primary image in order to avoid the appear-
ance of artifacts due to movements by the patient. The
picture reset processing is conventional processing
which is well-known to the person skilled in the art. In
general, it consists in preprocessing the pictures, in se-
lecting a certain number of check points (which is referred
to as landmarks), in estimating the distortion at each of
these landmarks, in validating these landmarks, in inter-
polating the distortion for the entire picture, and in restor-
ing the picture with correction.

[0038] More precisely, use may be made of a search
for coincidence between pictures which are based on
calculating a similarity criterion, making it possible to de-
termine on each picture the lateral and longitudinal trans-
lation which best superimposes it on the picture before it.
[0039] A method for pneumatic resetting of pictures,
usingin particular a correlation factor, has been proposed
in French patent No. 89 04 085 (corresponding to US
patent No. 5 048 103).

[0040] Resetting of pictures using a change of sign cri-
terion is also known from the article by J. Lienard and V.
Leclerc entitled "recalage élastique d’images angi-
ographiques" [elastic resetting of angiographic images],
11th Symposium on signal and image processing, Nice,
1-5 June 1987, pages 487-489, Gretsi.

[0041] Ingeneral, optimum superimposition of two pic-
tures gives the similarity criterion a maximum value, mak-
ing it possible to deduce the X and Y shift of one picture
relative to the other, and therefore correctly to subtract,
pixel by pixel, the mask image and the primary image.
[0042] This beingthe case, the coincidence search us-
ing the similarity criterion is preferably carried out on a
reduced region of the mask image and of the correspond-
ing primary image. In this regard, a central region of each
image will be taken, for example a rectangular region
whose height and width take account of the circular shape
of the pictures, as well as the possible presence of lateral
collimators. A non-limiting example of these dimensions
is, as regards the height, a dimension equal to one quar-
ter of the size of the picture and, as regards the width, a
dimension equal to the size of the picture reduced at most
by the total width of the lateral collimators, and reduced
at least by one twentieth of the picture size.
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[0043] Once the series of digitized secondary images
has been obtained, digital processing for two-dimension-
al mutual resetting of the secondary images is carried
out by pairs of consecutive secondary images so as to
obtain mutually reset digitized secondary images.
[0044] The reason for this is that, even though the dis-
placement step of the table is known in the example being
described here, the depth of the various blood vessels
in the leg is not accurately known. Consequently, in view
of the conical projection of the blood vessels in the var-
ious images, their displacement relative to their position
in the preceding picture is not accurately known. It is
therefore appropriate to determine this X and Y shift ac-
curately so as to be able to digitally paste the pictures in
order to obtain almost perfect continuity of the blood ves-
sels from one picture to another.

[0045] This automatic reset processing is carried out
in a manner similar to that described above for resetting
the masks in relation to the opacified pictures. More pre-
cisely, a coincidence search is carried out, using the sim-
ilarity criterion, by moving the central region of the current
picture into the central region of the following picture,
shifted by the displacement step of the table, with in ad-
dition a shift tolerance taking account of the maximum
thickness of the object, in this case the leg. In this way,
not only the displacement of the table, but also the pos-
sible difference in depth of the element of interest in the
leg from one picture to another are taken into account.
[0046] By way of example, a region having a height
equal to one quarter of the size of the picture (forexample
10 cm in height) will be chosen as the central region. If
the successive taking of the various images is spaced
by 6 cm (which is assumed here to be the predetermined
displacement step of the table), the search region chosen
in the current picture will be the central region of this
current picture, shifted by 6 cm, plus or minus 2 cm for
example, to take into account the unknown parameter
relating to the depth of the vessel in the leg.

[0047] In order to speed up the calculations, the auto-
matic correspondence of the vascularized zones, based
on optimizing the similarity criterion between the two cen-
tral regions which are taken from two successive sec-
ondary images, is obtained using a multiresolution ap-
proach. More precisely, a search is firstly made for the
position of the maximum of the similarity criterion by dis-
placing the central region of the current picture into the
search region of the following picture, with a search in-
crement fixed at4 pixels by row and by column. Secondly,
the central region of the current picture is centered at the
point corresponding to the position of the maximum of
the similarity criterion, this position being obtained in the
previous phase, and is moved over the eight neighboring
points with a search increment equal to 2 pixels in order
to determine a new maximum of the similarity criterion
at a new point. Lastly, a third search phase is carried out
by centering the central region on the new point obtained
in the preceding step, and is moved over the eight neigh-
boring points of this new point, with an increment of 1
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pixel in order to determine the final position of the max-
imum of the similarity criterion and thus obtain the X and
Y shift of the following image in relation to the preceding
image.

[0048] At the end of this digital shift processing, a se-
ries of reset secondary images is obtained, which has
been referenced in Figure 2 with the references IM1-IM9.
Itis in fact assumed here in this example, for the sake of
simplicity, that nine moving images have been acquired
in order to obtain the overall picture IG.

[0049] For each current secondary image IMi, a com-
mon region is defined which is bounded by the median
horizontal line LCi of the current picture (central line of
the picture) and the plot TLCj of the median horizontal
line LCj of the following picture IMj.

[0050] A cutline LPij dividing this common region into
two equal zones, namely an upper common zone ZSi
and a lower common zone Zlj, is then defined.

[0051] Thetwo-dimensionalresetting of the secondary
images results in alignment of the cut lines of two con-
secutive images, which has been represented in Figure
2.

[0052] Next, in the memory of the processing means
MT, the overall picture IG is created by using the upper
region RS1 of the first reset secondary image IM1 of the
succession, the lower region R19 of the last secondary
image IM9 of the succession, and the common regions
RC12, RC23, RC34-RC89 of each pair of reset second-
ary images.

[0053] As regards the common regions which are
used, one solution might consistin simply using the upper
common zone of the current picture and the lower com-
mon zone of the following picture. Thus, for example, for
the common region RC23, which region is common to
the pictures IM2 and IM3, successive use may be made
of the pixels of the upper common zone ZS20 and then
the pixels of the lower common zone Z120.

[0054] This being the case, such a solution may lead
to obtaining an overall picture inside which the various
cut lines are visible.

[0055] In order to overcome this drawback, it is pref-
erable to carry out a lap dissolve operation. More pre-
cisely, for each common region, a weighted sum of the
logarithms of the grey levels of the respective upper and
lower common zones of two consecutive reset secondary
images is used.

[0056] In other words, for example for the common re-
gion RC23, for the pixels lying level with the central line
LC2, 100% of the level of the pixels of the zone ZS20 will
be used and 0% of the levels of the pixels of the zone
ZS3 will be used.

[0057] Asregards the pixels lying on the cutline LP23,
their level will be equal to 50% of the levels of the pixels
of the line LP23 of the picture IM2 and to 50% of the
levels of the pixels of the line LP23 of the picture IM3.
[0058] Lastly, the pixels lying on the line LC3 will have
levels equal to 100% of the pixels of the line LC3 of the
picture IM3 and to 0% of the pixels of the line TLC3 of
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the picture IM2.

[0059] This lap dissolve operation, corresponding to a
weighted sum of the logarithms of the grey levels, fol-
lowed by exponentiation, corresponds in X-radiology to
weighted addition of the densitometric thicknesses.
[0060] Furtherto the moving images taken from differ-
ent points of view, certain applications may require the
acquisition of fixed images, that is to say successive im-
ages taken at a same point of view, that is to say at the
same position of the table TB.

[0061] This makes possible arteriographic examina-
tions, to in particular let the contrast product propagate
so as to have a more accurate view of the blood network.
This is the case, for example, of the fixed images IF5,
IF6 and IF7 which are represented in Figure 3. It will be
noted that the upper part E15 of the blood network ap-
pears on the picture IF5, whereas on the picture IF6, the
upper part still remains but with lower contrast than the
median part E16 of the blood network, while on image
IF7, the upper part of the blood network has disappeared
and the lower part E17 has a higher contrast than the
median part.

[0062] According to an embodiment of the invention,
these three images are digitally merged so as to obtain
a single resultant image which will be used for the reset-
ting relative to the moving image before the image IF5
and relative to the moving image following the image IF7.
In this regard, this resultant secondary image is created
by a search for minimum intensity between the corre-
sponding pixels of the fixed secondary images. In other
words, a search is made for the contrast maximum in
each fixed image, and these strongly contrasted parts
will be used for creating the resultant secondary image.
[0063] When no indication is given about the move-
ment of the patient relative to the image intensifier, the
step of the table has to be determined from the content
ofthe pictures. The inter-picture similarity criterion is then
calculated on the primary pictures, reduced beforehand
to one quarter of their dimensions in order to speed up
the calculations, in order to determine on each picture
the lateral and longitudinal translation which best super-
imposes it on the picture before it. Optimum superimpo-
sition of the two pictures gives the similarity criteria a
maximum value, which makes it possible to determine,
in particular, the Y displacement and therefore the dis-
placement step between the two consecutive pictures.
This being the case, in this context the search for this
maximum is carried out by successive displacements of
limited regions of the pictures. In actual fact, the similarity
should relate to regions which only contain anatomical
structures, to the exclusion of fixed mechanical parts of
the imaging system, such as the leaded collimators,
which risk vitiating the measurement of the criteria. The
measurement regions need to be wide enough to cover
the various organs whose edges assist the measure-
ment. Finally, the measurement regions should be limited
in size in order to reduce the calculation time.

[0064] By way of indication, rectangular regions may
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be taken whose height and width take into account the
circular shape of the pictures as well as the possible pres-
ence of lateral collimators. In that case, a height equal
to one quarter of the picture size and a width equal to the
picture size, reduced at most by the size width of the
lateral collimators and reduced at least by one twentieth
of the picture size, may also be chosen for these rectan-
gular regions.

[0065] The invention therefore makes it possible to ob-
tain an overall picture in which the main vessels or the
bones (in the case of an orthopedic bone examination,
for example) are continuous over the entire range exam-
ined, in which the cut lines are invisible (continuous back-
ground) and in which the contrast is highest for the ele-
ments of interest, in particular the vascular structures.

Claims

1. Method for obtaining a digitized overall radiographic
image of an object from a succession of partially
overlapping primary radiographicimages taken from
different points of view in which a digitized secondary
image which promotes predetermined elements of
interest of the object is created from each primary
image, digital processing for two-dimensional mutual
resetting of the secondary images is carried out per
pair of consecutive images so as to obtain mutually
reset digitized secondary images (IMi), character-
ized in that, for each current reset secondary image,
a region common to the said current image and to
the following reset secondary image is defined which
is bounded by two respective median horizontal lines
(LCi, LCj) of the two reset secondary images, and
the digitized overall radiographic image (IG) is cre-
ated from the upper region (RS1) of the first reset
secondary image (IM1) of the succession, lying
above the common region of this first image, from
the lower region (R19) of the last reset secondary
image (IM9) of the succession, lying below the com-
mon region of this last image, and from the common
regions of each pair of reset secondary images.

2. Method according to claim 1, characterized in that
the common region of each reset secondary image
includes an upper common zone and a lower com-
mon zone which respectively extend on either side
of the median cut line (LPij) of the said common re-
gion, and in that the overall radiographic picture (IG)
is created by using, for each common region, the
upper common zone of the common region of the
current secondary image and the lower common
zone of the common region of the following second-
ary image.

3. Method according to claim 1, characterized in that
the common region of each reset secondary image
includes an upper common zone and a lower com-
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mon zone which respectively extend on either side
of the median cut line (LPij) of the said common re-
gion, and in that the overall radiographic picture is
created by using, for each common region, a weight-
ed sum of the logarithms of the grey levels of the
respective upper of two consecutive reset secondary
images.

Method according to one of the preceding claims,
characterized in that, in the case when the acqui-
sition of the primary images includes acquisition of
primary images taken from different points of view,
referred to as moving images, and at least one group
of several consecutive primary images taken from
the same point of view, referred to as fixed images
(IF5-IF7), the fixed secondary images corresponding
to the fixed primary images are created, and from
these fixed secondary images, aresultant secondary
image is created which is used, for the digital reset
processing, with the last moving secondary image
preceding the first fixed image of the said group, and
with the first moving secondary image following the
last fixed image of the said group.

Method according to claim 4, characterized in that
the creation of the resultant secondary image com-
prises a search for maximum intensity between the
corresponding pixels of the fixed secondary images
(IF5-IF7).

Method according to one of the preceding claims,
characterized in that the creation of each image
which promotes the predetermined elements of in-
terest comprises acquisition, for each take, of the
primary image on which the elements of interest ap-
pear and a mask image on which the elements of
interest do not appear, then subtraction of the pri-
mary image and the mask image.

Method according to claim 5, characterized in that
preliminary reset processing is carried out between
each primary image acquired and the corresponding
mask image acquired.

Method according to one of claims 1 to 5, charac-
terized in that the creation of each secondaryimage
which promotes the predetermined elements of in-
terest comprises acquisition, for each take, of the
primary image on which the elements of interest ap-
pear, and low-pass filtering of the primary image so
as to obtain a mask image, then subtraction of the
primary image and the mask image.

Method according to one of the preceding claims,
characterized in that the successive taking of the
moving images is spaced by a predetermined dis-
placement step (PS), and in that the reset process-
ing between the consecutive secondary images in-
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cludes a search for coincidence between a prede-
termined central zone of the current image and the
same central zone of the following image taking the
displacement step into account.

Method according to one of claims 1 to 8, charac-
terized in that, in the case when the successive
taking of the moving images is spaced by an a priori
unknown displacement step, the displacement step
is determined from the content of the secondary im-
ages by making a search for coincidence between
two secondary images on reduced regions of these
images.

Patentanspriiche

1.

Verfahren zum Gewinnen eines digitalisierten radio-
graphischen Gesamtbildes eines Objektes aus einer
Aufeinanderfolge aus unterschiedlichen Blickpunk-
ten aufgenommener, sich teilweise Uberlappender
priméarer radiographischer Bilder, in welchen ein di-
gitalisiertes sekundéres Bild, welches vorbestimmte
interessierende Elemente des Objektes hervorhebt,
fiir jedes primare Bild erzeugt wird, wobei eine digi-
tale Verarbeitung flir zweidimensionales wechsel-
seitiges Riicksetzen der sekundaren Bilder pro Paar
aufeinander folgender Bilder ausgefiihrt wird, um so
wechselseitig zurlickgesetzte digitalisierte sekunda-
re Bildern (IMi) zu erhalten, dadurch gekennzeich-
net, dass fiir jedes aktuelle zuriickgesetzte sekun-
dare Bild ein flr das aktuelle Bild und das nachfol-
gende zurlickgesetzte sekundare Bild gemeinsamer
Bereich definiert ist, welcher durch zwei entspre-
chende mittlere Horizontallinien (LCi, LCj) der zwei
zurlickgesetzten sekundaren Bilder begrenzt ist,
und das digitalisierte radiographische Gesamtbild
(IG) aus dem oberen Bereich (RS1) des ersten zu-
rickgesetzten sekundaren Bildes (IM1) der Aufein-
anderfolge, das Uber dem gemeinsamen Bereich
dieses ersten Bildes liegt, aus dem unteren Bereich
(RI9) des letzten zuriickgesetzten sekundéren Bil-
des (IM9) der Aufeinanderfolge, das unter dem ge-
meinsamen Bereich dieses letzten Bildes liegt, und
aus den gemeinsamen Bereichen jedes Paares zu-
ruckgesetzter sekundéarer Bilder erzeugt wird.

Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, dass der gemeinsame Bereich jedes zu-
rickgesetzten sekundaren Bildes eine obere ge-
meinsame Zone und eine untere gemeinsame Zone
aufweist, die sich jeweils auf jeder Seite der mittleren
Schnittlinie (LPij) des gemeinsamen Bereiches er-
strecken, und dass das radiographische Gesamtbild
(IG) erzeugt wird, indem fiir jeden gemeinsamen Be-
reich die obere gemeinsame zone des gemeinsa-
men Bereiches des aktuellen sekundéren Bildes und
die untere gemeinsame Zone des gemeinsamen Be-

10

15

20

25

30

35

40

45

50

55

reichs des nachfolgenden sekundaren Bildes ver-
wendet wird.

Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, dass der gemeinsame Bereich jedes zu-
rickgesetzten sekundaren Bildes eine obere ge-
meinsame Zone und eine untere gemeinsame zone
aufweist, welche sich jeweils auf jeder Seite der mitt-
leren Schnittlinie (LPij) des gemeinsamen Bereiches
erstrecken, und dass das radiographische Gesamt-
bild (IG) erzeugt wird, indem fiir jeden gemeinsamen
Bereich eine gewichtete Summe der Logarithmen
der Grauwerte der entsprechenden oberen von den
zwei aufeinander folgenden zuriickgesetzten sekun-
déren Bildern verwendet werden.

Verfahren nach einemder vorstehenden Anspriiche,
dadurch gekennzeichnet, dass indem Falle, wenn
die Erfassung der priméren Bilder eine Erfassung
von aus unterschiedlichen Blickpunkten aufgenom-
menen primaren Bildern, die als sich bewegende Bil-
der bezeichnet werden, und wenigstens einer Grup-
pe von aus derselben Blickpunkt aufgenommener
verschiedener aufeinander folgender primérer Bil-
der, die als feste Bilder (IF5-1F7) bezeichnet werden,
beinhaltet, die den festen primaren Bildern entspre-
chenden festen sekundaren Bilder erzeugt werden,
und aus diesen festen sekundéren Bildern ein resul-
tierendes sekundares Bild erzeugt wird, welches fur
die digitale Rucksetzverarbeitung verwendet wird,
wobei das letzte sich bewegende sekundére Bild
dem ersten festen Bild der Gruppe vorausgeht, und
wobei das erste sich bewegende sekundére Bild
dem letzten festen Bild der Gruppe folgt.

Verfahren nach Anspruch 4, dadurch gekenn-
zeichnet, dass die Erzeugung des resultierenden
sekundaren Bildes eine Suche nach maximaler In-
tensitat zwischen entsprechenden Pixeln der festen
sekundaren Bilder (IF5 - IF7) umfasst.

Verfahren nach einemder vorstehenden Anspriiche,
dadurch gekennzeichnet, dass die Erzeugung je-
des Bildes, welches die vorbestimmten interessie-
renden Elemente hervorhebt, fiir jede Aufnahme die
Erfassung des primaren Bildes, auf welchem die in-
teressierenden Elemente erscheinen und eines
Maskenbildes, auf welchem die interessierenden
Elemente nicht erscheinen, und dann die Subtrakti-
on des primaren Bildes und des Maskenbildes um-
fasst.

Verfahren nach Anspruch 5, dadurch gekenn-
zeichnet, dass eine vorlaufige Riicksetzverarbei-
tung zwischen jedem erfassten primaren Bild und
dem entsprechenden erfassten Maskenbild ausge-
fuhrt wird.
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Verfahren nach einem der Anspriiche 1 bis 5, da-
durch gekennzeichnet, dass die Erzeugung jedes
sekundaren Bildes, welches die vorbestimmten in-
teressierenden Elemente hervorhebt, fur jede Auf-
nahme die Erfassung des primaren Bildes, auf wel-
chem die interessierenden Elemente erscheinen,
und eine Tiefpassfilterung des Primarbildes, um so
ein Maskenbild zu erhalten, und dann die Subtrakti-
on des primaren Bildes und des Maskenbildes um-
fasst.

Verfahren nach einemder vorstehenden Anspriiche,
dadurch gekennzeichnet, dass das sukzessive
Aufnehmen der sich bewegenden Bilder Uiber einen
vorbestimmten Verschiebungsschritt (PS) beab-
standet ist, und dass die Ricksetzverarbeitung zwi-
schen den aufeinander folgenden sekundéren Bil-
dern eine Suche nach Ubereinstimmung zwischen
einer vorbestimmten zentralen Zone des aktuellen
Bildes und derselben zentralen Zone des nachfol-
genden Bildes unter Berticksichtigung des Verschie-
bungsschrittes beinhaltet.

Verfahren nach einem der Anspriiche 1 bis 8, da-
durch gekennzeichnet, dass in dem Falle, wenn
das sukzessive Aufnehmen der sich bewegenden
Bilder Uber einen a priori unbekannten Verschie-
bungsschritt beabstandet ist, der Verschiebungs-
schrittaus dem Inhalt der sekundaren Bilder ermittelt
wird, indem eine Suche nach Ubereinstimmung ZWi-
schen zwei sekundéren Bildern auf reduzierten Be-
reichen dieser Bilder ausgefiihrt wird.

Revendications

Procédé pour obtenir une image radiographique glo-
bale numérisée d’'un objet a partir d’'une succession
d’images radiographiques primaires se chevau-
chant partiellement prises depuis différents points
de vue, dans lequel une image secondaire huméri-
sée qui accentue des éléments d’intérét prédétermi-
nés de l'objet est créée a partir de chaque image
primaire, un traitement numérique pour un recalage
mutuel en deux dimensions des images secondaires
est exécuté par paire d’'images consécutives de ma-
niére a obtenir des images secondaires numérisées
mutuellement recalées (IMi), caractérisé en ce
que, pour chaque image secondaire recalée cou-
rante, une région commune a ladite image courante
et a 'image secondaire recalée suivante est définie
qui est bornée par deux lignes horizontales média-
nes (LCi, LCj) respectives des deux images secon-
daires recalées, et I'image radiographique globale
numeérisée (IG) est créée a partir de la région supé-
rieure (RS 1) de la premiére image secondaire re-
calée (IM1) de la succession, se trouvant au-dessus
de la région commune de cette premiére image, a
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partir de la région inférieure (R19) de la derniére ima-
ge secondaire recalée (IM9) de la succession, se
trouvant au-dessous de la région commune de cette
derniére image, et a partir des régions communes
de chaque paire d'images secondaires recalées.

Procédé selon la revendication 1, caractérisé en
ce que larégion commune de chaque image secon-
daire recalée comprend une zone commune supé-
rieure et une zone commune inférieure qui s’éten-
dent respectivement de part et d’autre de la ligne de
coupe médiane (LPij) de ladite région commune, et
en ce que l'image radiographique globale (IG) est
créée en utilisant, pour chaque région commune, la
zone commune supérieure de la région commune
de l'image secondaire courante et la zone commune
inférieure de la région commune de I'image secon-
daire suivante.

Procédé selon la revendication 1, caractérisé en
ce que larégion commune de chaque image secon-
daire recalée comprend une zone commune supé-
rieure et une zone commune inférieure qui s’'éten-
dent respectivement de part et d’autre de la ligne de
coupe médiane (LPij) de ladite région commune, et
en ce que I'image radiographique globale est créée
en utilisant, pour chaque région commune, une som-
me pondérée des logarithmes des niveaux de gris
des zones communes supérieures et inférieures res-
pectives de deux images secondaires recalées con-
sécutives.

Procédé selon l'une des revendications précéden-
tes, caractérisé en ce que, dans le cas ou I'acqui-
sition des images primaires comprend une acquisi-
tion d’'images primaires prises depuis différents
points de vue, appelées images mobiles, et d’au
moins un groupe de plusieurs images primaires con-
sécutives prises depuis le méme point de vue, ap-
pelées images fixes (IF5-1F7), les images secondai-
res fixes qui correspondent aux images primaires
fixes sont créées, et a partir de ces images secon-
daires fixes, une image secondaire résultante est
créée qui est utilisée, pour le traitement de recalage
numérique, avec la derniére image secondaire mo-
bile qui précede la premiére image fixe dudit groupe,
etavec la premiére image secondaire mobile qui suit
la derniere image fixe dudit groupe.

Procédé selon la revendication 4, caractérisé en
ce que la création de I'image secondaire résultante
comprend une recherche d’intensité maximale entre
les pixels correspondants des images secondaires
fixes (IF5-IF7).

Procédé selon I'une des revendications précéden-
tes, caractérisé en ce que la création de chaque
image qui accentue les éléments d’intérét prédéter-
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minés comprend une acquisition, pour chaque prise,
de I'image primaire sur laquelle les éléments d’inté-
rét apparaissent et d’'une image masque sur lequel
les éléments d’intérét n’apparaissent pas, puis une
soustraction de I'image primaire et 'image masque.

Procédé selon la revendication 5, caractérisé en
ce qu’un traitement de recalage préliminaire est
exécuté entre chaque image primaire acquise et
'image masque correspondante acquise.

Procédé selon I'une des revendications 1 a 5, ca-
ractérisé en ce que la création de chaque image
secondaire qui accentue les éléments d'intérét pré-
déterminés comprend une acquisition, pour chaque
prise, de 'image primaire sur laquelle les éléments
d’intérét apparaissent, et un filtrage passe-bas de
l'image primaire de maniére a obtenir une image
masque, puis une soustraction de I'image primaire
et 'image masque.

Procédé selon I'une des revendications précéden-
tes, caractérisé en ce que la prise successive des
images mobiles est espacée par un pas de dépla-
cement (PS) prédéterminé, et en ce que le traite-
ment de recalage entre les images secondaires con-
sécutives comprend une recherche de coincidence
entre une zone centrale prédéterminée de I'image
courante et la méme zone centrale de I'image sui-
vante en tenant compte du pas de déplacement.

Procédé selon I'une des revendications 1 a 8, ca-
ractérisé en ce que, dans le cas ou la prise suc-
cessive des images mobiles est espacée par un pas
de déplacement a priori inconnu, le pas de déplace-
ment est déterminé a partir du contenu des images
secondaires en effectuant une recherche de coinci-
dence entre deux images secondaires sur des ré-
gions réduites de ces images.
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